The regional distribution and frequency of the pancreatic endocrine cells in the ddN mouse were studied using specific antisera against insulin, glucagon, somatostatin and human pancreatic polypeptide (hPP). In the pancreatic islets, most of insulin-immunoreactive (IR) cells were located in the central region, and glucagon-, somatostatin and hPP-IR cells were located in the peripheral region regardless of the lobe. In the splenic part, glucagon-IR cells were also located in the central regions, and more numerous somatostatin-IR cells were detected in the central regions as compared with the duodenal part. hPP-IR cells were restricted to the peripheral regions in both lobes but more numerous cells were detected in the duodenal portion. In the exocrine parenchyma of the splenic lobe, only insulin-and glucagon-IR cells were detected but all four kinds of IR cells were observed in the duodenal portion. In addition, insulin and hPP-IR cells were also demonstrated in the pancreatic duct regions. In conclusion, some strain-dependent characteristic distributional patterns of pancreatic endocrine cells were found in the ddN mouse with somewhat different distributional patterns between the two pancreatic lobes.
Introduction
ddN mouse is an inbred albino mouse in Japan at 1972, and maintained by Institute for Animal Reproduction (Ibaraki, Japan). ddN mice were found to be more resistant than other strains of mice to inhalation anesthesia using enflurane or isoflurane [1] and it also reported that ddN mice had a higher incidence of opisthotonus than other stains of mice during to inhalation anesthesia [2] . These differences are likely to reflect distinctive characteristics of the central nervous system [3] . Now one of the most widely used inbred mouse strains in anesthesiological fields [4] [5] [6] and neurological fields [7, 8] . It is generally known that the pancreas of vertebrates is subdivided into two regions, one is the exocrine region where digestive enzymes are released and the other is the endocrine region where regulatory hormones such as insulin, glucagon, somatostatin and pancreatic polypeptide (PP) are released into the blood [9] . Anatomically, the mouse pancreas has two lobes -the splenic and duodenal lobes [10] . The pancreas is a valuable organ for endocrine studies, with the endocrine pancreas being extensively studied in diabetes [11] .
It has been reported that the regional distribution and relative frequency of immunoreactive (IR) endocrine cells in the pancreatic islets are different in different portions of the pancreas even within the same pancreas of the same animal [9, 12] , and a species-dependent characteristic distribution of pancreatic endocrine cells originating from feeding habits has also been suggested [13] . In addition, the strain-dependent characteristic distributions of these IR cells were also detected with the increasing production of genetically mutated laboratory animals and breeding of specific laboratory animals having a specific disease or a unique property, especially in mice [9, 12, [14] [15] [16] [17] [18] [19] [20] . The distribution and frequency of pancreatic endocrine cells in the ddN mouse has not yet been forthcoming. Therefore, in the present study, the regional distribution and frequency of the endocrine cells in the duodenal and splenic parts of the pancreas of the ddN mouse were studied by immunohistochemistry using specific antisera against insulin, glucagon, somatostatin and human PP (hPP).
Materials and methods
Animals. Ten specific pathogen free ddN male mice (6-weeks old upon receipt) were acquired from Shizuoka Laboratory Animal Center (Shizuoka, Japan) and used in this study after acclimatization for 2 weeks. After food restriction for about 24 hours, the animals were phlebotomized under ethyl ether anaesthesia. Samples from the splenic and duodenal lobes of pancreas were fixed in Bouin's solution. After paraffin embedding, 3-4 μm serial sections were prepared and stained with hematoxylin and eosin for light microscopic examination of the normal pancreatic architecture.
Immunohistochemistry. Other sections were used for immunostaining using the peroxidase anti-peroxidase (PAP) method [21] . Blocking of nonspecific peroxidase reactions was performed with methanol containing 0.1% H 2 O 2 , and to avoid non-specific reactions with the background, the sections were incubated with normal goat serum prior to incubation with the specific antibodies ( Table 1 ). The staining procedure reported by Ku and Lee [9] : after rinsing in phosphate buffered saline (PBS; 0.01 M, pH 7.4), sections were incubated with secondary antibodies (goat anti-rabbit IgG or goat antiguinea pig IgG, dilution, 1:200; Sigma, St. Louis MO, USA). Sections were then washed in PBS buffer and finally incubated with PAP complex (dilution, 1:200; Sigma). The peroxidase reaction was carried out using a solution 3,3'-diaminobenzidine tetrahydrochloride containing 0.01% H 2 O 2 in Tris-HCl buffer (0.05 M, pH 7.6). After immunostaining, sections were analysed with the use of a light microscope. After immunostaining, the sections were lightly counterstained with Mayer's hematoxylin, and the IR cells were observed under light microscope.
The specificity of each immunohistochemical reaction was determined as recommended by Sternberger [21] , including the replacement of specific antiserum by the same antiserum, which had been preincubated with its corresponding antigen -insulin, glucagon, somatostatin and hPP. In addition, to test the cross reactivity of specific antisera with other antisera, immunohistochemical staining was conducted using specific antiserum, which had been preincubated with all other antigens except for its corresponding antigen and the results compared to that of immunohistochemical staining using specific antiserum. No cross reactivities are detected in this study. The frequency of IR cells was calculated as mean ± standard deviation (S.D.) of 10 parts (n=10) of islets, exocrine and/or duct regions according to that performed in the nude mouse [9] . Among parenchymal cells showing a nucleus, numbers of cells showing immunoreactivities against each antiserum were counted using automated image analysis (DMI, Korea) combined with light microscopy. In the pancreatic islets and duct regions (consisting of duct epithelium and surrounding connective tissues -sub-epithelial connective tissues), numbers of IR cells were counted among 100 cells located in the each region. In addition, the number of each IR cell type was also counted among 1000 parenchymal cells that were located in the exocrine regions, and the percentage of each endocrine cell was also calculated in both the splenic and duodenal lobes. Table 1 . Antisera used in this study *All antisera were raised in rabbits except for insulin, which were raised in a guinea pig; 1) hPP: humane pancreatic polypeptide Quantitative frequencies were calculated using automated image analysis process (Soft Image System, Germany) attached to light microscopy; *Cell numbers/100 parenchymal cells; **Cell numbers/1000 parenchymal cells; 1) hPP: human pancreatic polypeptide; 2) ND: not detected.
Quantitative frequencies were calculated using automated image analysis process (Soft Image System, Germany) attached to light microscopy; *Cell numbers/100 parenchymal cells; **Cell numbers/1000 parenchymal cells; 1) hPP: human pancreatic polypeptide; 2) ND: not detected. Table 3 . Regional distributions and frequencies of the endocrine cells in the duodenal lobe of pancreas of ddN mouse. 
Results
In this study, all four types of the IR endocrine cells were detected with the antisera against insulin, glucagon, somatostatin and hPP in both lobes of the pancreas of the ddN mice. The pancreatic islets of this study were distinguished as two distinct regions, central and peripheral regions, with their composition of IR cells. According to the lobe of the pancreas, different regional distributions and frequencies of these IR cells were observed as shown in Tables 2 and 3 .
The pancreatic islets region
In the splenic lobe, most of insulin-IR cells were located in the central region and indeed were the most pre- dominant cell type in this region of the pancreatic islets with a frequency of 57.40±8.18/100 cells. In addition, these cells were also detected in the peripheral regions, but with lower frequency 5.10±0.99/100 cells (Fig. 1a, b) . Glucagon-IR cells were located in the peripheral region of the pancreatic islets and a somewhat lower frequency of cells was noticed in the central region intermingled with insulin-IR cells ( (Fig. 3a, b) . Relatively low numbers of hPP-IR cells were found, and these were restricted to the peripheral regions of pancreatic islets with 1.50±0.97/100 cells frequency (Fig. 4a, b) . In the duodenal lobe, similar to that of the splenic lobe, most of the insulin-IR cells were located in the central region with 61.40±13.15/100 cells frequency; they were also detected in the peripheral regions with 4.80±2.25/100 cells frequency (Fig. 1g, h ). Glucagon-IR cells were located in the peripheral regions of pancreatic islets, while a few cells were detected in the central regions (Fig. 2d, e) . These cells showed 0.90±0.88 and 16.60±3.24/100 cells frequencies in the central and peripheral regions, respectively. Somatostatin-IR cells showed a quite similar distributional pattern in the splenic portion (Fig. 3c, d ) with frequencies of 0.70±0.67 and 8.70±2.36/100 cells in the central and peripheral regions, respectively. Relatively higher numbers of hPP-IR cells compared to that of the splenic lobe were found and again were restricted to the peripheral regions of pancreatic islets (Fig. 4c, d ) with 14.30±5.54/100 cells frequency.
The exocrine region
In the splenic lobe, insulin-and glucagon-IR cells were demonstrated with 8.20±3.46 and 1.50±0.97 /1000 cells frequencies, respectively. The insulin-IR cells were detected as cell clusters consisting of 3-4 cells (Fig. 1e) or solitary (Fig. 1f) among acinar cells. Solitary glucagon-IR cells were dispersed among acinar cells (Fig. 2c) .
In the duodenal lobe, all four kinds of insulin-, glucagon-, somatostatin-and hPP-IR cells were demonstrated with 5.80±4.21, 2.20±1.55, 1.80±1.40 and 1.30±0.67/1000 cells frequencies, respectively. Insulin-IR cells were detected as cell clusters consisting of 3-5 cellsamong acinar cells (Fig. 1j) . In addition, somatostatin- (Fig. 3e) and hPP-(Fig. 4f ) IR cells were detected as solitary cells.
The pancreatic duct region
Only insulin-IR cells were detected in this region of the splenic lobe with 3.60±3.53/100 cells frequency. They were situated in the sub-epithelial connective tis- sues of some pancreatic ducts as cell clusters consisting of 3-7 cells (Fig. 1c, d) . In duodenal lobe, insulinand glucagon-IR cells were observed in the subepithelial connective tissues of some pancreatic ducts as cell clusters in insulin-IR cells (Fig. 1i) or as solitary cells in hPP-IR cells (Fig. 4e) .
Percentages of the IR cells
In the splenic lobe, insulin-, glucagon-, somatostatinand hPP-IR cells occupied approximately 64.82±5.29, 20.41±4.79, 13.45±4.64 and 1.32±0.87% of the total IR cell population, respectively ( Table 2 ).The insulin-IR cell is clearly the most abundant cell type in the splenic lobe of the pancreas of the ddN mouse. In the duodenal lobe, insulin-, glucagon-, somatostatin-and hPP-IR cells occupied approximately 60.69±3.14, 16.51±2.92, 9.32±1.44 and 13.48±3.45% of total IR cell population, respectively (Table 3) . Again, the insulin-IR cell is the most abundant cell type, as in the splenic lobe, but differently from that of the splenic lobe, more abundant hPP-IR cells were observed as compared with somatostatin-IR cells in the duodenal portion of the pancreas.
Discussion
Because the function of hormones released from pancreatic endocrine cells is directly related to the regulation of pancreatic digestive enzymes and serum glucose levels [10] , most of the endocrine cells in the GEP system originate from the endoderm. Therefore, it cannot be excluded that the differences have genetic or phylogenetic backgrounds. In this study, the regional distribution and relative frequency of the pancreatic endocrine cells were determined in the splenic and duodenal lobes of ddN mouse.
The regional distribution and relative frequency of the pancreatic endocrine cells have been reported in various mouse strains [9, 12, [14] [15] [16] [17] [18] [19] [20] . From these reports, it is well recognized that insulin-IR cells are situated in the central regions of pancreatic islets, and other cells, such as glucagon-, somatostatin-and PP-IR cells, surround them. They have also been demonstrated to be associated with acinar cells and pancreatic duct. In the present study, similar to that found in other mouse strains [9, 12, [14] [15] [16] [17] [18] [19] [20] , we found that most of the insulin-IR cells were situated in the central regions of the pancreatic islets, and similar distributional patterns of insulin-IR cells were observed in the splenic and duodenal lobes of the ddN mouse.
Although most of the glucagon-IR cells were situated in the peripheral regions of the pancreatic islets, they were also demonstrated in the central regions in the both splenic and duodenal lobes in the present study. Such distributional patterns were also demonstrated in some mouse strains [9, 17, 19, 20] . It was also reported that under specific disease conditions, such as obese and diabetic mice, in contrast to normal nonobese littermates, glucagon-IR cells were intermingled with insulin-IR cells in the central regions of pancreatic islets [14] .
Generally, somatostatin inhibits the secretion of other hormones and gastric acid and the absorption of amino acids, glucose and fatty acids [22] .The specific function of PP is not clear; however, inhibition of food intake has been postulated [10] . The general distribution and frequency of somatostatin-and hPP-IR cells in the pancreas of the ddN mouse was found to be similar to that of other mouse strains [9, 12, [14] [15] [16] [17] [18] [19] [20] .
In the present study, somewhat different regional distribution and frequency of pancreatic endocrine cells were detected between the splenic and duodenal lobes. In the splenic portion, somatostatin-IR cells were more numerous than hPP-IR cells in all regions; but in the duodenal portion, hPP-IR cells outnumbered the somatostatin-IR cells in all regions. These differences were considered as strain-dependent characteristics of the ddN mouse and it was also considered that these findings are directly related to the digestive function of hPP [10] ; the duodenal lobes are more tightly contact to the duodenum, therefore, this lobe may be more directly related to the digestive functions, and these variations are also observed in those of nude mouse [9] .
In conclusion, some strain-dependent characteristic distributional patterns of pancreatic endocrine cells were found in the ddN mouse. In addition, somewhat different distributional patterns were demonstrated in the two pancreatic lobes.
